Abstract We explore the relation between black hole mass (M BH ) and the motion of the jet components for a sample of blazars. The Very Long Baseline Array (VLBA) 2cm Survey and its continuation: Monitoring of Jets in active galactic nuclei (AGNs) with VLBA Experiments (MOJAVE) have observed 278 radio-loud AGNs, of which 146 blazars have reliable measurements on their apparent velocities of jet components. We calculate the minimal Lorentz factors for these sources from their measured apparent velocities, and their black hole masses are estimated with their broadline widths. A significant intrinsic correlation is found between black hole masses and the minimal Lorentz factors of the jet components, which the Eddington ratio is only weakly correlated with the minimal Lorentz factor, which may imply that the Blandford-Znajek (BZ) mechanism may dominate over the Blandford-Payne (BP) mechanism for the jet acceleration (at least) in blazars.
formation are BZ and BP mechanisms (Blandford & Znajek 1977; Blandford & Payne 1982) . In these mechanisms, the power of jet is extracted from the disk or black hole rotational energy. The disk-jet connection has been investigated by many authors in different ways (Rawlings & Saunders 1991; Falcke & Biermann 1995; Cao & Jiang 1999; 2002 , Xie et al. 2007 Xie et al. 2008) .
Some different approaches were proposed to estimate the masses of the black holes in AGNs, such as the gas kinematics near a black hole (see Ho & Kormendy 2000 for a review and references therein). The central black hole mass derived from the direct measurements on the gases moving near the hole is reliable, but unfortunately, it is available only for very few AGNs. For most AGNs, the velocities of the clouds in broad line regions (BLR) can be inferred from the widths of their broad emission lines. If the radius of the BLR is available, the mass of the central black hole can be derived from the broad-line width on the assumption that the clouds in the BLR are gravitationally bound and orbiting with Keplerian velocities (Dibai 1980) . The radius of the BLR can be measured by using the reverberation-mapping method from the time delay between the continuum and line variations (Peterson 1993; Netzer & Peterson 1997) . Long-term monitoring on the source is necessary for applying this method to derive the radius of the BLR, which leads to a small amount of AGNs with measured black hole masses in this way. Alternatively, a tight correlation was found between the size of the BLR and the optical continuum luminosity, which can be used to estimate the size of the BLR in an AGN from its optical luminosity and then the black hole mass (e.g., Wandel, Peterson & Malkan 1999; Kaspi et al. 1996; 2000; Laor 2000) .
The kinematic properties of the jet components in blazars were revealed by multiepoch VLBI observations (e.g., Kellermann et al. 2004; Lister et al. 2005) . In this paper, we use a large sample of blazars, of which the proper motions were well measured with VLBA, to explore the relations between the jet speeds and physical properties of blazars, i.e., the black hole masses and Eddington ratios.
The cosmological parameters Ω M = 0.3, Ω Λ = 0.7, and H 0 = 70 km s −1 Mpc −1 have been adopted in this work.
SAMPLE
We start with a sample of radio-loud quasars and BL Lac objects with measured apparent velocities of jet components. The sample is compiled by searching the literature to include all blazars with available proper motion data of the jets. Most data are taken from several surveys, such as, the original flux-limited MOJAVE-I sample, and the extended 
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by their relative rations (Gaskell, Shields & Wampler 1981; Francis et al. 1991) ,and L 5100 is nuclear luminosity λL λ at λ = 5100Å.
We also estimate M BH using Eqs. (9), (10), and (11) for the black holes with continuum luminosities, of which the masses can also be estimated with line luminosities.
We compare the black hole masses with these two different methods in Fig. 1 . It is indeed found that the masses estimated with line luminosities are systematically lower that those estimated with continuum luminosities, which is consistent with Wu et al. (2004)'s conclusion.
For the BL Lac objects in this sample, we use the empirical relation between host galaxy absolute magnitude at R-band M R and M BH proposed by Bettoni et al. (2003) ,
to estimate their black hole masses.
Although the apparent velocities of the jet components were measured by VLBI observations, the intrinsic speeds of the jet components are still unavailable, as the viewing angles of the jets are unknown for most sources in this sample. However, we can derive the minimal Lorentz factors from the observed apparent velocities of jet components using:
and then analyze their relations with other physical quantities of the sources. For the sources with more than one measured moving component, we always select the one moving fastest, as we intend to explore the acceleration mechanism of the jets in blazars (see Cohen et al. 2007 for the detailed discussion).
RESULTS
In Fig. 2 , we plot the relation between black hole masses M BH and the minimal Lorentz factors γ min of the jets. The linear regression gives log γ min = 0.31 log M BH − 1.80
A significant correlation is found between these two quantities at 99.6 per cent confidence (Spearman rank correlation analysis), and the correlation coefficient is 0.33. It should be noted with caution that this correlation may be caused by the common dependence of redshift. In Fig. 3 , we plot the relation between redshift z and the minimal Lorentz factor γ min , and only a weak correlation is found at 93.6 per cent confidence between these two quantities. We perform the Spearman partial rank correlation analysis (Macklin 1982) , and we find that the partial correlation coefficient is 0.27 after subtracting the common redshift dependence. The significance of the partial rank correlation is 2.39, which is equivalent to the deviation from a unit variance normal distribution if there is no correlation present (see Macklin 1982 for the details). A summary of the results of partial rank correlation analysis is listed in Table 3 .
We also perform a correlation analysis on the sources in the restricted redshift range 0.1 < z < 2.1. For this subsample of 72 sources, a correlation at 97.6 per cent confidence is still present between γ min and M BH , while almost no correlation between γ min and z is found (at 55.2 per cent confidence). It appears that the correlation between γ min and M BH is an intrinsic one, not caused by the common redshift dependence.
The bolometric luminosity (L bol ) is estimated by assuming L bol ≈ 10L BLR (e.g., Liu et al. 2006) . For some sources without measured broad-line luminosities, we estimate the bolometric luminosities from the optical continuum luminosities using the relation of L bol ≈ 9λL λ,opt (λ = 5100Å) (Kaspi et al. 2000) . We plot the relation between the Eddington ratio (L bol /L Edd ) and γ min of the jets in Fig. 5 . The linear regression gives
We find that only a weak correlation between L bol /L Edd and γ min (at 93.5 per cent confidence) is present.
DISCUSSION
We find an intrinsic correlation between black hole masses and the minimal Lorentz factors of jet components for a sample of blazars, while no significant correlation between the Eddington rations and the Lorentz factors is present for the same sample. Our main statistical results will not be altered, even if those black holes with masses estimated with continuum luminosities are removed. Our statistical results provide useful clues to the mechanisms of jet formation and acceleration in blazars.
It is believed that the growth of massive black holes in the centers of galaxies is dominantly governed by mass accretion in AGN phases (e.g., Soltan 1982; Yu & Tremaine 2002). The massive black holes will be spun up through accretion, as the black holes acquire mass and angular momentum simultaneously though accretion. The spins of massive black holes may also be affected by the mergers of black holes. A rapidly rotating new black hole will be present after the merger of two black holes, only if the binary's larger member already spins quickly and the merger with the smaller hole is consistently near prograde, or if the binary's mass ratio approaches unity (Hughes & Blandford 2003 ).
The comoving space density for heavier black holes is much lower than that for lighter black holes (e.g., see the black hole mass function in Yu & Tremaine 2002), which means that the probability of the mergers of two black holes with similar masses is lower for heavier black holes. This implies the spins of heavier black holes are mainly regulated by accretion rather than the mergers. Thus, it is natural to expect (in statistical sense) that the heavier black holes have higher spin parameters a than their lower mass counterparts.
Volonteri et al. (2007) studied on how the accretion from a warped disc influences the evolution of black hole spins and concluded that within the cosmological framework, one indeed expects most supermassive black holes in elliptical galaxies to have on average higher spin than black holes in spiral galaxies, where random, small accretion episodes (e.g., tidally disrupted stars, accretion of molecular clouds) might have played a more important role. The jets can be accelerated to higher speeds by the heavier black holes, because they are spinning more rapidly (Blandford & Znajek 1977) . The intrinsic correlation between black hole masses and the minimal Lorentz factors of jet components found in this work is consistent with the Blandford-Znajek mechanism. The properties of accretion disks accretion disk are related with the dimensionless accretion ratesṁ
is found, which implies that the jet acceleration may not be related with the properties of the accretion disk, which may imply that the jet formation is not sensitive to the disk structure. This is, of course, quite puzzling, and to be verified by the future work with a larger blazar sample. Our statistical results implies that the BZ mechanism may dominate over BP mechanism for the jet acceleration in blazars. This manuscript was prepared with the ChJAA L A T E X macro v1.0. 7.5 8 8.5 9 9.5 10 10.5 7.5 
